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摘要
本文以飞艇为研究对象，在完成飞艇动力学建模过程中，除了考虑重力、
浮力、推力对飞艇的作用外，重点分析了俄罗斯、美国以及加拿大体系下的气
动力模型，比较了不同气动力结果的差异，进而讨论不同气动力成份对飞艇动
态特性的影响。所进行的研究工作主要包括以下几个方面：
（1）飞艇动力学模型的建立。本文基于空间运动的坐标系、坐标变换矩阵
以及运动参数，推导了飞艇运动学方程和动力学方程，对飞艇受到的重力、浮
力、推力等进行了分析和建模。
（2）分析比较俄罗斯、美国、加拿大学者所采用的气动力估算方法。以
俄罗斯现代飞艇技术一书中A   01飞艇作为研究对象，分析三种不同的气动力
模型。根据俄罗斯飞艇动力学，将飞艇的气动力分为无粘性气动力和粘性气动
力，无粘性气动力表达式采用lamb的结果，粘性定常气动力表达式通过风洞实
验得到。注意到不同国家所采用的坐标系不同，通过坐标变换的办法将气动力
结果统一在美国坐标系下表示，得到了三种气动力表达式。比较结果表明，这
些气动力模型均由粘性气动力的结果和无粘流气动力的结果融合而成，但在处
理细节上有所差异。美国学者认为所有与角速度有关的非定常气动力均不存
在；加拿大学者认为稳定力矩应该同时包含有粘流中的稳定力矩和无粘流中
的Munk力矩；俄罗斯学者则认为有粘性气动力表达式中已包含无粘性中的相同
非定常气动力项。文中对这些观点的合理性进行了进一步的讨论。根据以上三
种气动力分析思路，得到了美国坐标系下三种不同的气动力结果，从而得到三
种气动力模型下的飞艇六自由度动力学方程。
（3）分析不同气动力成分对飞艇动态特性的影响。分别对三组不同气动力
模型下的六自由度方程进行小扰动线性化。分别计算三组纵向和横向状态方程
的特征根，采用模态分析法，比较不同气动力成分对飞艇运动模态稳定性的影
响，进一步讨论不同气动力观点的合理性。同时也分析了飞艇横向和纵向运动
特性的差异，探讨了飞艇结构对飞艇运动特性的影响。相对于俄罗斯气动力模
型来说，美国气动力模型中没有考虑气动力关于各角速度的阻尼项，因此在纵
向运动中，缺少阻尼项导致飞艇摆动模态无法收敛，说明气动力阻尼项对飞艇
动态特性有重要影响。加拿大气动力参数模型中，考虑了各种气动力项，并且
没有消去Munk力矩，Munk力矩减小了飞艇俯仰扰动运动，使纵向摆动模态和
横向偏航、侧滑衰减模态更快趋于平衡状态。
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以上分析表明，不同气动力模型对飞艇动态特性影响不一样，飞艇气动力
的研究是建立飞艇动力学模型的重要环节，也是研究飞艇动态特性的基础，飞
艇气动力模型的研究具有重要意义。
关键词：动力学方程； 非定常气动力； 线性化； 模态分析； 动态特性
II
厦
门
大
学
博
硕
士
论
文
摘
要
库
Abstract
This paper mainly introduces the existing aerodynamic parameter models of Rus-
sia, the United States, and Canada, in addition to considering the effect of gravity,
buoyancy, thrust to the airship. The influence of different aerodynamic components on
the dynamic characteristics are emphatically analyzed. The work mainly includes the
following aspects:
Dynamics model is established. Based on the space coordinate system, the kine-
matics equations and dynamics equations are deduced. The gravity, buoyancy and
thrust suffered by the airship are also analyzed and modeled in this paper.
Aerodynamic estimation methods adopted by the Russia, the United States and
the Canada scholars are investigated and compared. The airship of A-01 is the research
object. On the basis of the Russia’s airship dynamics, viscous and non-viscous aerody-
namic parts constitute the aerodynamic of airships. Non-viscous aerodynamic part is
given by Lamb’s research results, and the viscous aerodynamic part can be obtained
by the detailed experiment data. Particularly, the non-viscous and the viscous parts can
overlap. Kirilin think that Munk moment and some non-viscous aerodynamic forces
achieved by Lamb’s method should be eliminated. The coordinate system definition
method of Russia is different with the United States, while it is the same with the Cana-
da’s. In order to facilitate comparison, the aerodynamic results of Russia’s coordinates
are transformed to coordinate system defined by the United States, and then the Amer-
ican aerodynamic results can be obtained, in which the Munk moment is eliminated,
but damping terms related to the angular velocity are not be taken into account in the
American aerodynamic parameter model. The Canada scholars Yuwenli considered all
of the aerodynamics. However, he didn’t remove the Munk moment.
The influence of different aerodynamic components on airship dynamic charac-
teristics are discussed. The approximate linear models of three different systems are
derived from the nonlinear dynamic model under the small perturbation assumption.
The mode analysis method is proposed, and the motion modes of the airship are in-
vestigated. Relative to the Russia aerodynamic model, the American’s aerodynamic
results didn’t contain damping terms, which lead that oscillation mode can’t conver-
gence. While the Canada aerodynamic model contain Munk moment, which reduced
longitudinal disturbed motion of the airship.
The above analysis shows that, different aerodynamic model has different influ-
ence on the airship dynamic characteristic. The research on the airship aerodynamics
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is an important part of setting up the airship dynamics model, as well as the foundation
of dynamic characteristics research, which is of great significance.
Key Words: dynamical equation; unsteady aerodynamic; perturbation ; modal
analysis; dynamic characteristics
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